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A/D ?????? D/A ????????????? [1]??????????????????
?????????? (IoT: Internet of Things)?????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
? A/D ???? D/A ??????????????????????????? A/D ???
? D/A????????????????RC?? (Resistive-Capacitive Delay)??????
????????????????????????????????????????????
?????1???????????? A/D ???? D/A????????????????
? [2]??????????????????????????????????????????
????????????????????????? A/D????? D/A????????
???????? [3–5]????????????????? (NOLM : Non-linear Optical Loop
Mirror)?????????? (XPM: Cross Phase Modulation) [6]????????? (HNLF:
Highly Non-Linear Fiber)????????????????? (SSFS: Soliton Self Frequency
Shift) [7]??????????? (DSF : Dispersion Shifted Fiber) ????????????
(SPM: Self Phase Modulation) [8]??????????? (DFF : Dispersion Flattened Fiber)
????????????????? [9] ?????????????????????????
?????? A/D????????????? D/A????????????????????
??????? [10]??????? [11]?????? [12]?????????????????





?? [20]????????????? [21]????????????????? D/A?????
????????????????????????????????????????????
?????????????????????????????????????
??????? (SOA: Semiconductor Optical Amplifier)????????????? (QD-
SOA: Quantum-Dot Semiconductor Optical Amplifier)??????????????????
????????????????????????????????? [22–24]?SOA ???
?? A/D ???????????????? (XGM: Cross Gain modulation) ???????
???????? 1?????????2 bit?? A/D????????? [25]?????SOA
??????????????????????????????SOA???????????
??????????????????????SOA ????? D/A ???????????




??????????????????SOA ? QD-SOA ?????????????????
????????????????????????????????????????????
??????? [27–29]????????????? QD-SOA???????????????





????????????? (DNL : Differential NonLinearity)??????? (INL : Integral












???????? SOA ?????????????????????????? SOA ????
??? SOA ????????????????????????????????? (EDFA:
Erbium Doped Fiber Amplifier) ????????EDFA ?????????????????
SOA ????????????????????????????????????????















(a) Before amplification (b) After amplification
? 2.1: SOA?????
? 2.1 ? SOA ?????????SOA ????????????????????????
???? E1 ?????????????? E2 ??????????????????????
???????????????????????????????????????????
E2 − E1 ?????? λ = hc





























(a)バルク構造 (b)量子井戸構造 (c)量子細線構造 (d)量子ドット構造
数 nm 数 nm 数 nm
? 2.2: ????????????????????????
???????????? (QD-SOA: Quantum-Dot Semiconductor Optical Amplifier)??


















? 2.3: SOA? QD-SOA???????????????
? 2.3? SOA? QD-SOA???????????????????SOA?????????
????????????????????????????????????????????
?????????????????????????????????QD-SOA ? SOA ??
??????????????????????????????????????QD-SOA?






??????SOA ? QD-SOA ???????????SOA ?????INPHENIX ??
IPSAD1503-5114?????QD-SOA?????QD Laser?? SK(Stranski-Krastanov) ??
????????????????????????????????????????? SOA



















































? 2.5: QD-SOA? ASE????































































































































? 2.11: ????? (FWM)??????????
2??????????????????????????????????????????
?????????????????? (FWM: Four-Wave Mixing)????? 2.11??FWM
??????????????? 2.11(a)?????SOA?????????????????
(λProbe)? 2????? (λP1?λP2)????????FWM ????????????????
?????? λIdler ?
λIdler = λP1 + λP2 − λProbe (2.1)
?????????? 2.11(b)?????????? 2???? 1??????????????
???????? FWM ???????????????????? λPump ?????????
9
??? λIdler ??
λIdler = 2λPump − λProbe (2.2)
??????







SOA??????????????????????????? λ1 ????????? λ2 ?
???????????λ1 ?????????????????????? SOA???????
λ2 ??????λ1 ???????????????????????λ1 ???????????
λ1 ????????????????????????????? λ2 ????????????
????λ1 ????????? λ2 ????????????????????????????
???????????????? (XGM: Cross Gain Modulation)????
t
t t
0 1 0 01 1 0 110
SOA 1 0 1 10 0 1 001
Input signal
t0 1 0 01 1 0 110
Probe signal
Converted signal
? 2.12: ?????? (XGM)???????????








2.5.3 ?????? (SPM)/?????? (XPM)????????
SOA ???????????????????????????????????????
???????????????????????????????????????????
? (SPM: Self Phase Modulation) ???????????????????????????































































































? 2.14: SOA? QD-SOA?????????????????????????
? 2.14? (a)SOA? (b)QD-SOA???????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????

























0 1 0 01 1 0 110
? 2.15: ??????????????????
? 2.15?????????????????????????RZ(Return-to-Zero)?????
































0 0 1 1 0 0 1 1 0 1 0 1
デジタル信号





? Fs = 1/Ts ?????????????????? 2???????????????????
???????????????????????????????????????????










Limits due to Jitter
入力アナログ信号の帯域 [Hz]






















? 3.2: A/D??????????????? [4] ? 3.3: ???? A/D??? FOM [36]
???? A/D????????????????????????????????????
???????????????? 3.2???????? A/D???????????????






? 3.3??????????????????? A/D???????????? 1?????
























A/D?????????? 9 ENOB??????????? [38]???????? 3.2????













???????? (NOLM : Non-linear Optical Loop Mirror) ???????? (XPM: Cross
Phase Modulation)?????????????????????? dBm ??????????
???????????????????? [6]????????? (HNLF: Highly Non-Linear
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Fiber) ?????????????????? (SSFS: Soliton Self Frequency Shift) [7]???
??????? (DSF : Dispersion Shifted Fiber)???????????? (SPM: Self Phase






























?????? D/A?? (3 bit)?????????????????????????????
(MSB: Most Significant Bit) ????????????????? (LSB: Least Significant Bit)
???????? 1/(2n−1)???????????????? (n? bit?)??????????
????????? (n− 1)T ??????????????????????????????
???????????????????????????????? (T ??????????
??????)?????????????????????????????????? (LPF:
Low-Pass Filter)???? 1/(2nT )??????????????????????????
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? 3.6: ??????????????? D/A?????
? 3.6 ???????????????? D/A ????????????????????
D/A ??????????????????????????? LPF ???????????
?????????????? D/A ??????????????????????????
?????????????????? [13]??????????? [14]??????????


















A/D ??? D/A ?????????????????? (DNL: Differential Non-Linearity)
??????? (INL: Integral Non-Linearity)??????
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5































0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5



















? 3.7: A/D???????? DNL/INL
???A/D??????????????????????? 1?????????????
?????????????? 1 LSB (Least Significant Bit???????)????? 3.7(a)
?????DNL????????????????????????????????????
































































? 3.8: D/A???????? DNL/INL
??????D/A????????????????? 1????????????????
??????? 1 LSB?????? 3.7?????DNL? INL???????DNL> −1 LSB
?????? D/A????????????
3.5.2 ?????? (ENOB)
?????? (ENOB: Effective Number of Bits)????????????????????
???????????? (SNDR or SINAD: Signal-to-Noise and Distortion Ratio)????
????ENOB? SNDR?????????????????? (SNR: Signal-to-Noise Ratio)
??????????????????????????????? Vsignal ?????????






































? 3.9: (a)?????? ADC??????(b)?????
?????????????????????????????????? RMS??????
?????? 3.9????????





































































3.5.3 FOM(Figure of Merit)














Sampling pulse train (λdata)























? 4.1: ???????????? A/D?????


































3 2 1 0 1
? 4.2: ???????????? A/D??????????


















MLLD: モード同期レーザ，PC: 偏波制御器，LNM: ニオブ酸リチウム変調器，EDFA: エルビウム添加光ファイバ増幅器，BPF: バンドパスフィルタ，
PPG: パルスパターン発生器，SG: 信号発生器，ECL: 外部共振型レーザ，OC: 光カプラ，ISO: アイソレータ，QD-SOA: 量子ドット半導体光増幅器，
R-BPF: 矩形光バンドパスフィルタ，VOA: 可変光減衰器，PD: フォトダイオード，OSA: 光スペクトラムアナライザ，OSC：オシロスコープ






? 4.3: ???????????? A/D???????
???????????? (QD-SOA: Quantum-Dot Semiconductor Optical Amplifier)??
?? SOA???????????????????????????????????????
???????????????????????????????QD-SOA??????? 4.3
? QD-SOA ??????????????????? A/D ???????????????
???? (MLLD: Mode-Locked Laser Diode) ??????????? (PPG: Pulse Pattern
Generator) ????? 10 GHz ???????????????? 1530 nm ? 10 GHz ??
??????????????????? (PC: Polarization Controller) ???????PPG?
????????? (SG: Signal Generator) ?????? 0.625 GHz ???????????
????????? (LNM: LiNbO3 Modulator) ?????????9????10 GSamples/s
??????????????????????????????????????????
(EDFA: Erbium-Doped Fiber Amplifier) ?????????5 nm? 3 dB?????????
??????? (BPF: Band-Pass Filter) ????????????????????????
???????????????? (ECL: External-Cavity Laser) ????? 1559 nm ???
?? (OC: Optical Coupler) ???????????????????? 1600 mA?25◦C ??
???? QD-SOA???????????????QD-SOA????????????? (ISO:
Isolators)????????OC?????????? PC??????4??????????
CW ??????????QD-SOA ?????????????QD-SOA ?????????
????????????????? −7.02 dBm?0.02 dBm???????????????
???????? QD-SOA????????????CW?????????????????
????????????????????????????????????????????
?????????????? (R-BPF: Rectangular-shape BPF)???????? CW???
26
??????? (???????)??????QD-SOA??????????????????
?? EDFA ????????????????????????????A/D ???????
?????????????????? R-BPF???????? R-BPF??????????
?????????????????????? (OSA: Optical Spectrum Analyzer) ?????




































































? 4.5? (a)??????????????(b)??????????CW?? 21 GHz???
????????? 28 GHz ??????????????????????????????
?? CW???????????????????????????????????????
































???????????????????????? 21 GHz ???????????????
??????????????? 21 GHz????????????????? “Initial power”
?????????????????????? 4.6???????????“0”? “1”????
0.16????????? 0,16????Intitial power? 1.0? 0.98?????????????
?? 30 GHz??? “1”??????31 GHz????? “0” ???????????????
????????????????????????????????? “0”?????????






Pave [W] ????????? Penergy [J] ???????? fprr [Hz] ????????????





????????????????????????? 2.67 ps??????????−7.02 dBm




???????????????W ?? [6]?SOA ????? 40 mW [25] ?????????
?????????????????????????????????????





































































1 2 3 4 5 6 7
Output quantization level
? 4.8: ? A/D??? DNL? INL
?????????????????????? 4.7 ?????????????????
?????? A/D ?????????????????????? (????) ??????
???????????????????????????????????????? 4.7 ?
????????????? (DNL: Differential Non-Linearity)??????? (INL: Integral
Non-Linearity)?????? 4.8?????DNL??? INL???????????? 0.79 LSB













ECL: 外部共振型レーザ，PC: 偏波制御器，OCG: 光コム発生器，LNM: ニオブ酸リチウム変調器，PPG: パルスパターン発生器，SG: 信号発生器，EDFA: エルビウム添加光ファイバ増幅器，
BPF: バンドパスフィルタ，OC: 光カプラ，ISO: アイソレータ，QD-SOA: 量子ドット半導体光増幅器，R-BPF: 矩形光バンドパスフィルタ，VOA: 可変光減衰器，PD: フォトダイオード，
OSA: 光スペクトラムアナライザ，OSC：オシロスコープ










? 4.9: ???????????? A/D???????????????
??????????????????????????????? A/D ?????????
? 4.3??? 4.9????????????????????????????????? (OCG:





































1.0 20 GHz shift output (fundamental)
45 GHz shift output
(b) ??????
? 4.10: ???????????
? 4.10? (a)??????????????(b)??????????CW?? 21 GHz??















































































????????????????????????? 4.11 ???????????“0” ? “1”





















Serial communication method 
1 1 1 1 1 1 10 0 0 0 0 1 0 0
1 1 1 10
1 1 0 0 0
































① ② ① ② ① ② ① ② ① ②
Optical Filtering
t
① ① ① ① ①
λ
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MLLD: モード同期レーザ，PC: 偏波制御器，LNM: ニオブ酸リチウム変調器，EDFA: エルビウム添加光ファイバ増幅器，BPF: バンドパスフィルタ，OC: 光カプラ，
PPG: パルスパターン発生器，SG: 信号発生器，PS: 位相シフタ，ECL: 外部共振型レーザ，QD-SOA: 量子ドット半導体光増幅器，ISO: アイソレータ，
















???????????? (QD-SOA: Quantum-Dot Semiconductor Optical Amplifier)??
?? SOA???????????????????????????????????????
??????????????????????????????? QD-SOA ???????
5.4 ? QD-SOA ???????????????????????????????????
??????????? (MLLD: Mode-Locked Laser Diode) ??????????? (PPG:
Pulse Pattern Generator) ????? 10 GHz ???????????????? 1545 nm ?
10 GHz ????????????????????? (PC: Polarization Controller) ????
???PPG ??????? 27 − 1 ???????? 10 Gbit/s ??????????????
(PRBS: Pseudo-Random Bit Sequence)?????????????????????? (LNM:
LiNbO3 Modulator) ?????????10 Gbit/s????????????????????
??????????????? (EDFA: Erbium-Doped Fiber Amplifier) ?????????
5 nm ? 3 dB ???????????????? (BPF: Band-Pass Filter) ?????????
??????????????? (ECL: External-Cavity Laser) ??? 1555 nm?1560 nm??
??????? PC ???????PPG ?????????? (SG: Signal Generator) ???
?????????????? 5 GHz???????????? LNM?????????2?
? 5 GHz????????????????SG? LNM???????????? (PS: Phase
Shifter)????????????????????????????????????????
??? EDFA ?????????1 nm ? 3 dB ??????? BPF ???????????
??? 2???????????? PC??????2???????????? (OC: Optical
35
Coupler) ??????????????????????? OC ?????????????
?????????? 1600 mA?25◦C?????? QD-SOA???????????????
QD-SOA????????????? (ISO: Isolators)????????QD-SOA??????





100 GHz?????????????????????? 35 GHz ?????????????
??????EDFA ???????????????????? (R-BPF: Recutangular-shape
BPF) ????????????????? (PD: Photo-Diode) ?????????????
???? 50 GHz ?????????????? (OSC: Oscilloscope) ???????????
(BERT: Bit Error Rate Tester)?????? (BER: Bit Error Rate)????????????
??????????????????? (OSA: Optical Spectrum Analyzer) ??????
5.4 ????
Input clock2 (1560 nm)
Combined input clock













-22 -20 -18 -16 -14 -12
Received optical power [dBm]
100 GHz
Wavelength [nm]





































1555 nm 1560 nm
100 ps
? 5.6: ?????????? (????? 1555 nm??????? 1560 nm?)
? 5.6 ??? 5.5(c) ???????????????????????????????
1555 nm????????? 1560 nm????????? 100 ps?????????????






????????? 3.66 dB ??????????????????????????????








??????????????????????????????? (AWG: Arrayed Waveguide
Grating) ????????????????????????? (ODL: Optical Delay Line)?
?????? (VOA: Variable Optical Attenuator) ????????????????????
???????????????
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? 6? ???????????? D/A??
6.1 ????
Delay Attenuation









① ① ① ① ①
λ t
② ② ② ② ②
λ0 1 0 01 1 0 110 1 1 0 10

















? 6.1: ???????????? D/A?????
4????????????????????????? D/A????????? 6.1????
????????? (SOA: Semiconductor Optical Amplifier)???????????????








????? 2? 1??????????????4??????????????????? 4?
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????????????????? (PD: Photo-Diode)?????????????????




n bit ???????????????????4 bit ??????????????????
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PPG: パルスパターン発生器，SG: 信号発生器，PS: 位相シフタ，ECL: 外部共振型レーザ，OC: 光カプラ，QD-SOA: 量子ドット半導体光増幅器，


























? 6.2: ???????????? D/A???????
???????????? (QD-SOA: Quantum-Dot Semiconductor Optical Amplifier) ?
??? SOA ?????????????????????????????????????
????????????????????????????????? QD-SOA??????
? 6.2? QD-SOA??????????????????? D/A??????????????
???????? (MLLD: Mode-Locked Laser Diode) ??????????? (PPG: Pulse
Pattern Generator) ????? 10 GHz???????????????? 1545 nm? 10 GHz
????????????????????? (PC: Polarization Controller) ???????
PPG??????? 27 − 1???????? 10 Gbit/s ?????????????? (PRBS:
Pseudo-Random Bit Sequence) ????????????????????????????
39
???????????? (LNM: LiNbO3 Modulator) ?????????10 Gbit/s ???
???????????????????????????????? (EDFA: Erbium-Doped
Fiber Amplifier) ?????????5 nm ? 3 dB ???????????????? (BPF:
Band-Pass Filter) ???????????????????????? (ECL: External-Cavity
Laser) ??? 1555.52 nm?1560.4 nm????????? PC???????PPG?????
????? (SG: Signal Generator) ????????????????? 5 GHz ??????
?????? LNM ?????????2 ?? 5 GHz ????????????????SG ?
LNM???????????? (PS: Phase Shifter)???????????????????
???????????????????????? EDFA ?????????1 nm ? 3 dB
??????? BPF ?????????????? 2 ???????????? PC ????
??2 ???????????? (OC: Optical Coupler) ?????????????????
?????? OC ??????????????????????? 1600 mA?25◦C ???
??? QD-SOA ???????????????QD-SOA ????????????? (ISO:
Isolators) ????????QD-SOA ??????????????????????????
−5.67 dBm?−1.00 dBm ???????????????????????????????
?????????????????QD-SOA??????????????????? “1”?
?????????????????2 ???????????????????3 dB ???
? 0.64 nm??????????????? 1554.94 nm? 1559.794 nm??????????
? (AWG: Arrayed Waveguide Grating) ????????????????????????
??????????????????????? EDFA ?????????1555 nm ???
???????? (VOA: Variable Optical Attenuator) ? 1560 nm???????? 1/2??
????????1560 nm????????? (ODL: Optical Delay Line)? 100 ps?????
1555 nm????????????????????????????????????? AWG
???????????????????????????????????????? (OSA:






















? 6.3: ? D/A????????????
? 6.3??QD-SOA??????????? 2????????????? (????)???
??????? AWG??????? 4??????????????? (?????)????
???AWG ?????????????????????????????????????






? 6.4: ? D/A??????????????????
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(b) "00 01 11 10"
200 400 600 8000
0
20
40 00 1 10 1 1 0








































(d) "00 10 11 01"
Time [ps]
00 0 11 0 1 1


















































(f) "00 11 10 01"
Time [ps]





00 1 11 0 1 0





00 1 01 1 0 1






























? 6.5: ??????????????? D/A????????




















Input 2 bit digital code
: "00 01 10 11"
: "00 01 11 10"
: "00 10 01 11"
: "00 10 11 01"
: "00 11 01 10"
: "00 11 10 01"
(0) (1) (2) (3)






























Input digital code "01" "10" "11"
Data pattern











????? D/A ?????????????????? 6.7 ??????????????
?????????????????????? (DNL: Differential Non-Linearity)?????
?? (INL: Integral Non-Linearity)??????? 6.7???????DNL??? INL???

















? 6.8: ??????? “0001101111100100”??



















? 6.9: ??????? “0001101111100100”??
??????????????
????? D/A???????????????????????????????????
???????????????? (SNDR or SINAD: Signal-to-Noise and Distortion Ratio)
????????????? (ENOB: Effective Number of Bits)??????????????
?????????????????? “0001101111100100” ??????? 6.8 ??????
??? “0001101111100100”???????? (?)?????? 1.8 GHz??? LPF????
??????? (?)????????????????? “0001101111100100”????????




? (???? 2.5 GHz??)???????????????????? 13.28 dB? 1.91???
?????????????? D/A?????????????????????
?????????? LNM ??????????????????????? 10 Gbit/s ?
???????????????????? QD-SOA???????????????????
???????????????? 320 Gbit/s???????????????? [22–24]???
???????? D/A???????????????
??????????????????????????????????3 dB??? 100 GHz




??????? 2 bit?? D/A????????SOA??????????????????
?????????????????????6.1????????4 bit???????????
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PS: 位相シフタ，ECL: 外部共振型レーザ，OC: 光カプラ，QD-SOA: 量子ドット半導体光増幅器，AWG: アレイ導波路回折格子，VOA: 可変光減衰器，ODL: 光遅延器，SOA: 半導体光増幅器，

























































? 7.1: ???????????????????????????????(a) QD-SOA????????
??? 2????????(b) 4????????? (?????????????)?(c) SOA??
???? 4?????????? CW?(d) CW???????????????
? 7.1?????????????? (QD-SOA: Quantum-Dot Semiconductor Optical Am-
plifier)????????????????????? (SOA: Semiconductor Optical Amplifier)
????????????????? 2 bit????????????????????????
???????? (MLLD: Mode-Locked Laser Diode) ??????????? (PPG: Pulse
Pattern Generator) ????? 10 GHz???????????????? 1545 nm? 10 GHz
????????????????????? (PC: Polarization Controller) ???????PPG
????? “00011011”??????????? 10 Gbit/??????????????????
??? (LNM: LiNbO3 Modulator) ?????????10 Gbit/s??????????????
45
????????????????????? (EDFA: Erbium-Doped Fiber Amplifier) ???
??????5 nm? 3 dB???????????????? (BPF: Band-Pass Filter) ????
???????????????????? (ECL: External-Cavity Laser) ??? 1555.52 nm?
1560.4 nm ???? (CW: Continuous Wave) ????? PC ???????PPG ?????
????? (SG: Signal Generator) ????????????????? 5 GHz ??????
?????? LNM ?????????2 ?? 5 GHz ????????????????SG ?
LNM???????????? (PS: Phase Shifter)???????????????????
???????????????????????? EDFA ?????????1 nm ? 3 dB
??????? BPF ?????????????? 2 ???????????? PC ????
??2 ???????????? (OC: Optical Coupler) ?????????????????
?????? OC ??????????????????????? 1600 mA?25◦C ????
?? QD-SOA ??????QD-SOA ??????????????????????????
−5.94 dBm?−1.00 dBm ???????????????????????????????
?????????????????QD-SOA??????????????????? “1”?
?????????????????2???????????????????3 dB????
0.64 nm??????????????? 1554.94 nm ? 1559.794 nm ???????????
(AWG: Arrayed Waveguide Grating) ???????? 7.1(a)(b)??????????????
??????????????????????????????? EDFA ?????????
1555 nm??????????? (VOA: Variable Optical Attenuator) ? 1560 nm?????
??? 1/2 ??????????1560 nm ????????? (ODL: Optical Delay Line) ?
100 ps?????1555 nm???????????????????????????????
?????? AWG?????4?????????????????? D/A????????
???????????????? (LPF: Low-Pass Filter)????????????????
?????????????????????? D/A???? A/D????????????
??? 7.1????????? 4?????????? SOA????????????????
??? A/D?????????????????????????? 4???????????
?????????? ECL?????? 1545 nm? CW??OC??????????????
??????? 400 mA?25◦C?????? SOA????????????4????????





?????? 7.1(c)(d) ??????????????????? (R-BPF: Rectangular-shape
BPF)???????? CW?????????? (???????)????????????
?? R-BPF? 3 dB???? 80 GHz????SOA???????????????????
? EDFA????????????????????????????? A/D????????
?????????????????? R-BPF???????? R-BPF??????????
?????????????????????? (OSA: Optical Spectrum Analyzer) ?????
???????? (PD: Photo-Diode) ????????????????? 50 GHz?????
????????? (OSC: Oscilloscope)??????
7.2 ????













0 200 400 600 800
Time [ps]
(a) ??



















? 7.2: ??????? “00011011”????? D/A???????????




















? 7.3: ? A/D????????????????
















Red-shifted filter frequency [GHz]
Threshold: 0.5












?????????? (OSNR: Optical Signal-to-Noise Ratio) ??????????????
7.4???????????“0”? “1”???????????????? 0.5??????
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(a) Data "0111" (20 GHz) (b) Data "0011" (50 GHz) (c) Data "0001" (80 GHz)


















Red-shifted filter frequency [GHz]


















Red-shifted filter frequency [GHz]








??????? −12 dBm?????? 7.6(b)??????? −7 dBm???????????
???????????????????CW?????????????? 0.00 dBm????






?????????????????? (? A/D ??) ??????????????? (?
D/A??)???????????????? (SOA: Semiconductor Optical Amplifier)???
????????????????????????????????????????????
?????????? A/D?????????????????????? (DNL: Differential





?????? (ENOB: Effective Number of Bits)? 1.91?????????????? D/A?
?????????????????????????????? D/A???????????
???? A/D ??????????2 bit ????????????????????????






??? ???????? ????????????? ?? ?? ???????????????
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